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Abstract 
The purpose of this study was to construct and evaluate the psychometric properties of an instrument that is designed to measure 
attitudinal, affective, and emotional factors relevant in predicting academic performance in engineering students. The developed 
instrument makes it possible to obtain a student’s profile in terms of his/her attitudes toward science, motivation and anxiety 
levels that have been revealed to be important factors in previous studies. The research has been developed in various universities 
in Peru and in different phases: an initial pilot phase with 81 university students; a second phase where the test was applied to 
866 engineering students from different socioeconomic and cultural development stratum. The results, after making corrections 
to the original instrument and verifying the instrument's stability over time (test-retest analysis), makes it possible to affirm that 
the proposed objective has been achieved, and that an instrument with acceptable reliability and validity of construction is 
available. Additionally, it will be informed about the predictive ability of the instrument in different considered degrees, and in 
relation to socioeconomic and cultural aspects of the students. 
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1. Introduction 
Among the factors that influence academic performance we are determined to find motivational, attitudinal and 
personality factors, and if teachers are aware of these they may be an important tool for teaching their courses [1]. 
Emotions such as interest, surprise, curiosity, or anxiety may be experienced in the phase of the learning process [2]. 
All these emotions refocus attention on task processing, memory, or contextual information. These factors may be 
relevant to the representation of the learning process and therefore facilitate the representation of the task that leads 
to learning, and is reflected in academic performance. According to the Metacognition With Motivation and Affect 
in Self-Regulated Learning model (MASRL), which emphasizes the interactions between metacognitive, 
motivational and affective self-regulated learning factors, it is mentioned that this may be a useful framework for 
understanding the complex processes involved in learning and the dynamic nature of the person’s self-regulation in 
the development of a task, which are mostly learning self-regulated stable patterns distinguished over time [2]. 
Therefore, the purpose of this study is to design, build and evaluate a psychometric instrument that is designed to 
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measure attitudinal, affective, and emotional factors that are considered relevant in predicting academic performance 
in engineering students in Peru. 
1.1.  Attitudes toward Science 
The study considers attitudes as an important factor in academic success, since the attitude is the performance of 
a person and it demonstrates his adopted behavior. Attitudes refer to rules or behavior standards, internal policies 
behaved externally in a consistently way. By characterizing the attitudes as an educational content Wayne [3] 
identifies three attitudinal components: cognitive, behavioral and emotional. These components should keep a 
certain balance so that the attitude can be long-lasting and transferable; professors and university students, especially 
from the Engineering Department, should be aware of their attitudes toward science so that they can change others’ 
attitudes to achieve the goals set at the beginning of their career. This indicator was adopted as an important factor 
in the PISA evaluation 2006, which introduces the attitude toward science as a dimension considering how to 
broaden the knowledge of properties, laws and theories, supporting scientific research, and valuing the work of 
science and what to expect from it and accountability to the environment. Salonen et al. [4] noted that many teachers 
have a different conception of what their students feel when they perform their tasks or write up their reports. They 
do not know their students’ attitudes and these teachers may have implications in what they expect from their 
students, which would affect in what they do or say to regulate their students' learning. 
1.2. Motivation toward Learning 
El Human development has required many skills, which cannot be developed without an element of reward, 
whether self-satisfaction or acceptance of others in the short or long term. Motivation is a feature of every person, 
which remains relatively constant over time and is quite difficult to modify. Tapia [5] states that a student is not 
motivated or unprovoked in the abstract, but in terms of how much does academic work means to him. Covington 
[6], affirms that motivation over learning achievement is based upon the accumulation of research and concludes 
that the quality of student learning and the willingness to monitor learning depends on an interaction between the 
types of social and academic goals. Motivation depends on the properties of these objectives and reward structures; 
it works upon beliefs and goals which are attached at a certain moment. That is, cognitive representations that would 
achieve or avoid a decisive influence on this motivation is intrinsic or extrinsic, or absence of motivation (lack of 
motivation) to learn. The motivation and effort will result in good performance [7], leading to decreased sensation of 
difficulty [8]. Motivation, such as task processing, can take an intrinsic form (eg, enjoyment of a task processing) or 
unpleasant feelings (eg, boredom) or the state of anxiety experienced as an increased arousal, worrying, and 
intrusive thoughts [9, 10]. There is also the motivation that arises from emotional states, such as surprise either from 
some unexpected event or a disagreement that has occurred. It could also be if some new information has been 
inserted [11], or from curiosity, because there is no denial of information that should be there for one to be able to 
continue task processing [12]. 
Therefore, it is not only intrinsic motivation, it also requires other forms of interest or pleasure only [13]; these 
are metacognitive experiences that contribute to motivation in academic performance [14]. For example, the feeling 
of knowledge and that it can be used at any time [15] creates the expectation that the required information is 
available in the memory, although at the moment it may be inaccessible despite the efforts which are being made. 
Also, when a student feels difficulty during the work process, awareness of this feeling provides information for 
effort regulation [16]. Skaalvik and Skaalvik [17] discovered that self-concept in Mathematics, intrinsic motivation, 
and the usage of learning strategies, are related to students’ achievements through the school years and this is also 
true of adult students. The model MASRL postulates that motivation which generates the ability to perform tasks, 
helps to arise motivation, especially the intrinsic type, among students [2]. 
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1.3. Anxiety 
Anxiety in the learning process becomes a barrier for the development of the cognitive process. Craske [18] 
suggests that cognitive processing becomes less developed because of concerns of possible future events, 
(anticipatory anxiety) when these events are imminent; fear or panic when danger or threat is present then prevents 
the cognitive activity from being developed. The conceptual demands, such as mathematic tasks and the complexity 
of the task, have also been shown to differentiate the performance and self-validation of the difficulty sensation state 
[19, 20, 21], contributing to increased anxiety in the development of necessary tasks in the learning process. 
Pekrun, Elliot, and Maier [22] also discovered that emotions positively affect academic achievement and are 
involved in the effects of achievement goals and achieving results. This one probably makes use of academic 
strategies through the effect of emotion [23]. This evidence suggests that positive emotions may have a direct effect 
on metacognitive skills, as well as an indirect effect through motivation. Moreover, although there is growing 
research evidence on the interactions between metacognition, motivation, and how these affect the level of a person 
and its effects on school performance, these mechanisms that unites them with school performance are not clear [2], 
this being an important reason to develop the present study which proposes an instrument that allows measuring the 
constructs of motivation, attitudes towards science, and anxiety in the academic activities which will serve the 
teacher as a reference for handling educational processes and the timely adjustment of students' emotions.  
2. Methodology 
2.1. Participants 
Two samples were formed in a first pilot study. In the first phase of this research, 81 students from two 
universities in Lima participated (private and community universities), ranging from 15 to 27 years of age with a 
mean of 18.6 years of age (SD = 2.7). This first pilot study was conducted with the purpose of testing and to debug 
the measurement instruments developed for this research. In a second study 866 students participated; 281 women, 
and 581men—freshmen and sophomores—of 9 different Engineering careers, and from 9 different universities in 
Peru’s three regions (coast, highlands, and jungle); with a range of 15 to 38 years of age; with a mean of 18.7 years 
age (SD = 3.0). Samples were collected by inviting all students to voluntarily participate in the study. 
2.2. Instrument 
A battery of instruments was adapted and developed for Predicting Performance in Engineering Careers (PPEC) 
involving the constructs of attitude toward science, motivation, learning and anxiety about academic activity. The 
battery consists of 16 items of attitude towards science, 12 items of motivation, 5 items of lack of motivation, and 15 
items of anxiety items; each item is answered on a Likert scale of four points that assesses how the student feels, 
thinks or acts in different situations. 
2.3. Procedure 
The procedure was developed in two phases. The first one involved the construction of the instrument; and the 
second one, the analysis of the validity and reliability of the instrument.  
2.3.1. First Phase 
The initial instrument consisted of 108 items, 9 items of general information, 34 items about attitude towards 
science, 25 items about motivation, and 40 items about anxiety. The items considered for attitudes toward science 
were built taking in account the 2 to 3 questions for each indicator presented by Pozo and Gomez [24]; in the items 
considered to measure the motivation as an instrument proposed by Carratala [25] was adapted, which considered 25 
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items; the items considered to measure anxiety is based on the instrument proposed by Calvo [26]; and the State-
Trait Anxiety Inventory (STAI, for adolescents and adults), developed by Spielberger et. al. [27]. 
After a thorough analysis of information provided by a group of experts and the results obtained from data 
provided by participants in the study of the pilot sample and the analysis of test-retest to see temporary stability of 
the instrument, corrections were made in the problem areas and some items that did not provide much information 
were removed. As a result we had a new improved version of the instrument consisting in 60 items. 
2.3.2. Second Phase 
Once the measuring instrument has been debugged we proceeded to examine the reliability and validity of the 
instrument in a large sample from around the country. The analysis of this second phase was recommended as the 
final instrument, this one was formed by 48 items, of which 16 items measure attitudes toward science, 12 items 
about motivation, 5 items measure lack of motivation, and 15 items about anxiety. This tetra-factorial structure 
shows a good fit to the theory and data based on the results of confirmatory factor analysis performed.  
3. Results 
3.1. Evidence of Content Validity 
To guarantee that in the instrument both the structure and the content of the construct were properly reflected, it 
was submitted to an experts committee, consisting of seven judges, doctors of Educational Psychology, Food 
Engineering, Systems Engineering, and Master’s in Research and University Teaching, all of them with a well 
known academic experience at a university’s level, graduate school, and research. Furthermore, to the participants in 
the pilot stage, it was aimed to obtain information and feedback from the formulation of items and other formal 
aspects of the instrument. These results were evaluated using the coefficient of validity V [28].   
3.2. Reliability analysis 
The internal consistency of the PPEC was assessed by Cronbach's  reaching a value of .771 indicating an 
acceptable reliability for the initial version, since the reliability indices above .70 are adequate if the purpose of the 
scale is the research, although our ultimate goal is the diagnosis or classification, therefore it was necessary to 
improve the instrument and set it above .80, which is a higher value [29]. On the other hand, the low Cronbach’s  
coefficients obtained in the attitude dimensions .441 and motivation .461, recommended a review of the instrument 
that only worked optimally for measuring anxiety, being alpha .807. Nevertheless, the   internal consistency of the 
final instrument version reaches a value of .897 indicating good reliability and  Cronbach's  coefficients per 
dimension or scale are: attitude towards science .73; motivation .73; the new dimension of lack of motivation .75; 
and anxiety .89; values that indicate increased of reliability compared to the initial instrument and ultimately these 
were acceptable values. 
 
Table 1. Descriptive statistics in the test and retest. 
Statistics 
Attitude Motivation Anxiety Global 
Test Retest Test Retest  Test Retest Test 
Minimum 47.0 42.0 50.0 45.0 43.0 40.0 148.0 143.0 
Maximum 72.0 74.0 81.0 80.0 78.0 78.0 225.0 230.0 
Mean 58.9 59.1 67.1 64.9 61.9 60.5 187.8 184.5 
Standard Dev. 5.8 5.9 6.6 7.0 8.1 8.7 17.1 18.1 
 
To assess the temporal stability of the test a test-retest method was given by applying the instrument to each of 
the subjects in two sessions, with an interval of three weeks. The scores obtained on the constructs: attitude toward 
science, motivation, and anxiety in academic performance on both evaluations are presented in Table 1. The 
descriptive statistics by construct applied to students in the study of test-retest reliability, underscore the normality 
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of the studied population. Most of the results obtained by the subjects revolve around the mean, indicating scarce 
variability in the sample. 
3.3. Evidence of construct validity 
The evaluation of the factorial structure and PPEC construct has been performed using the LISREL structural 
equations program (International Scientific Software) and the fit indices obtained were: goodness of fit index (GFI) 
= 0.93, adjusted goodness of fit index (AGFI) = 0.92; and the Root Mean Square Error of Approximation (RMSEA) 
= 0.07 which indicates a good fit of the data to the model hypothesized. Regarding the relationship between the 
constructs, it showed a high positive relationship between attitude toward science and student motivation, and a 
negative relationship between, attitude toward science regarding anxiety and lack of motivation (the two latter ones 
strongly related); in this way the battery has adequate reliability and constructs validity. 
4. Conclusions 
Social-Cognitive Theory of Career Development (SCCT), proposed by Lent, Brown and Hackett [30] whose 
model considers three components: social cognitive approach, self-efficacy beliefs, and outcome expectations and 
goals. These 3 components have received much attention from researchers, including studies to verify their 
proposals about racial minorities, college and senior high schools students [31, 32, 33, 34]. Models of vocational and 
educational interests, career choice and academic performance have been supported by the literature [35]. 
Coleman's report [36], is another model that explains the academic performance by three factors: individual, 
school, and family / community [37]. The individual factor involves the motivation, values and the capacity or skill 
to focus and study. 
In this investigation we have considered the importance of motivation when studying, the desire to succeed, 
tenacity and effort led to a goal that has to give satisfaction, social prestige and the possibility of academic 
achievement in students. Anxiety control when facing academic performance, and the attitude that the student has 
about academic activity, are important factors in the success of human activity and will determine the significant 
percentage of students who pursue a career in Engineering and complete their university degrees. 
This study presents a psychometric instrument to predict academic performance in engineering careers 
considering the constructs: attitude toward science, motivation / lack of motivation, and anxiety. Using a Likert 
scale with scores of 1-4 to for answer options in each item; we evaluated the technical requirements of validity and 
reliability, and the results are directly related to the characteristics of the sample to which the test was given [38]. 
Both the results of the studies regarding the reliability and the validity of content, and the instrument construct, are 
acceptable to showing a good fit to the theoretical model proposed. Consequently, PPEC can be considered an 
instrument for obtaining profiles of attitudinal and personality factors that influence university academic 
achievement.   
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